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21 Pbll-OI:^ Lfi^ Xilil^a ^ 3 m\ 

:7l5|-(substrate)4^CHI Em g^^Ai^i:?! ^1^.1" S OIEI^I^ g-gOil E^h^joj §7.1 CHI £.^^1- 201 Q. 

0HMEllO|/^( laser ablation) ; S^r^ItlEig (sputtering) (tfllfis 0.0:1. F ^s^^ 

Biu. oidit^ ^xi^ ^'^m 3.^- nm ^^^^ ^'i^t^ ^imm ^'^o 

2[ ^^^^ o, cHg^ o,^, 20ID1 M^£"^l!£lii ' 4."^^^^ §i c l 

?:ins^ B m'^^ m)^m mm mE m s^xi^ ^m^Din. 

M2^^ bim ^' M\^2^ 4'AI ^EHOIIA-J AFg^j HH7i ZEUx-JI^ mH BSEOIH. 

Xi!4£^ B ^'StHI g^-ij^ □l:i:M(mlst )^ ^^A|?|^ ti^i^^'t^ S-xl^ gti-3£0|JI. 

7;iI5ai i!5bE^ THMEBJ ^^x\2i UEM 20112, 

|i6£g H i^goii mm Ei^^AH xi^^^oj h.ok ^^^^^ o^g^^^, soh^ ^T^,g^ uekh^ 7h 

— I — I o d -3^ U I Lf' 

iVgOl SCSI'S D. 



u Bsoii Ahsm^ ^ sia. ygsha ^^^oiiai, si gii^ omi ©dh 7 

X|= S5H LHSJ tmmn SUtlLh • 1 ^un 3=^ „yi ^-^Aiie 

A goh^ Q°f^H M-a MS. MOD HIHIS ^St^ Sfg SH^SOI SiCh IiB1t]-^*H ss] 

ohU°i, Process Optimization and Characterization of Device Worthy Sol-gel Based PZT for 
Ferroelectric Memories^ E gSSI 'S^'Ky 2S]lh 3 £|2J AHJ-BM °J^li TrlsEI"^!! FFRRHR FPTR i 

^3:^21 Al-g^ :qm1 ^HA^p^ aeef^Dih 01^ ej-Sth^f S^i^^Til 

P3'"JStH(2)^ mW2), gsf l5bH LH^°1 lEIJUfoj gSlll SSShfe S7HC14)1 5 

^mD\, 0! ISB1(2)= ^'S|Sj£S 16011 UEFtf alr&S 2#1fc£^(£A|Em § ^ 

m^a. SJH(14)^ 18011 L^E^y^ 22^ ^.ixIM AhgSKS ej«(12)2h HH.^5|§WI 3SAI2IQ " 

SSAI <i 2i71l SQ. 22011 UEUdi 31^ 23011 UEht!! OC/RF Ah§SK3| 5ie 
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X|Xi^(4)£h EK6)A|-0|Qli DC AC(RF) dmiOl^M 4 SiS^, ^^§|[H^ 

Q\ aiai-^ ^^CHI E%'Am m 01 ^"-"^ ^E-eg(field-poling)CHl MEV ^ SiCK 3:2RO| 

e(6) ^ 7jS-(5) 23°] y\B AFOKHI H^S^ t!CK £Alt.^ Hf2h &0L 2"^ 5(5)^ P(24) 

2101 y[^tm y\B aixi^(4) sj 5.K6)Ai-oiBj s^mi mi. ^si schi ^tH 4^ 
^^^1 biM z&ijsiKS) s hh:?! ^iix^Kio)^ M2^m EAmracK EAitt y^a^ ^ol bom ^mi\(S)~ 

M\3^9.[ OI-EHOilAi bjF£|- ^01 Q:?!^^ ^ilx-ll (40)^^Ei g7! ^^r^iM ^^OHOI^ 

S.K26)3F OhxI^SJ 1x1 £.K28)e ^tmfeHih 01 biM ^K28)^ ^tJ1(2)e] LH^^ %m Si^D) i 

[CfBI- ^^tl Z^^S.^ UHxI^i XilTI :'F^tJ- UAK30)2|- %m ^^(29)^ 
L|-AK30)^ 23^ B^l ^5^^^ Him ^^^l-:?! o^gtt-S ±2:^. EO-E^ ^ 

^^2i^ M7] ^ 2iQ. 32CHI UE[\h 2^ inS £.K28)2J g-^ ^JOIQK HH:?! 2SI1(10)^ El- 
OI^(34)7h 3g-bH71 ^^^(EAIEIXI ^^e)Oil OI^Q^ 2g 7:il£l^ra Ziijx-|i(8)^ ^ 

22h ^^^hCK £A!S ^OL hil 2Ui||(8)^ 01-xl^ hiM ^K28)2f HH:?I ^liX-il(lO)^ 
OfX|^^K33)^ y\B[S) ^^ICHlAi Ai^ [HtfEIOl SiJQ, :?IEK5)g^^^ ^''^S&llAi A1^ ^gt.!" 

GlElt^ mtm. ^ 0^X|^ :?H^(29, 31)£J :?ie(5) B7\ ± 

SL^ DI^MBJ ±mm Q^^t]- XilO]^^ 4= Si>1IEI0t :?i£r(5) m\ 5^ 

M]^ ^ 2£&ilAi. XIA|:?(4), ^(6). kM21jx-||(8) HH:?I 5iii-ll(tO)^ 

I^'ie A|X|^(4). iill(8) il HH::?! ^Hx-iKlO)^ bl-i.'-^t]- ^EHI^f UEI-U 2iAl°^ 01 

EiEl- S^^> ^EH£ ^ ^""S^ LHOllAi AmV ^ SiCK 011M#3. Q[xm kM ^»-(28) ^ UH 

V-^ U-^ cm ^^^S 4 ^^Di, ££^ Eh4^2J ^El il 

^ ^'■49::?t(46)2h 333 Eh^°j ^£17(44), ISfcil (42)S^E1 kM 2^31(8)^2] ^mt[^ 
^^(50) ^' «H:?I^J^(52)M 5t^^^Q. J. gEM S3. uFU E^ D. 0|^^2j ^^^:'l(46)^ ^hU 

E^ n oi^'-Ej EF?*'^!- g:?! ±9.:^ ^~ n\±^m ^'^M9\m. m^im ^' ^s^(44)m s^f-oi 

?SB1(42)^ t.CK |gtii(42)^ ^EiMOi m7\ ±9^^ ±9:^ Di^^M 

^^oFE^ ^ti-tlOl ^M(50)2j ^tl ^mt} ^^m^ ISbH(2)^ 0|^*l-CK °^Sth& ^l-lt 

2j2AI?l7|LK ^fiAl g^*" mu\ LH^BJ M^^M 7;il7ieh7| ?|^f01 §StH(2) LH 
UH^^- ^ 2^E^ "JS(50)^ ^EJI^io^ 4, o,Q^_ ^Ahe^TIL HHI?! ^M(52)^ 
^ig ^^^(EAitlXl S1:S)[HI 33EI01 2i2:H^ ^SAI o^U 0|^^2J ^'^71(46)21- IStH LH 

M^Mm XilTim?! ^IthOI ^M(50)^ SHU. ^M(52)2h thU 0|&^^ ^^(48)^ ^OiAi ^ 
tf1(42) LH^^ HH^^- 4^ SiQ. 

E^ ^SSQ Bf^i- ^^MM E^7!^^ (40)S^E1 kM 511x^1 (8)S ^ 

oi-^ 5:!0i bii-ir^ofch. 

X1I4E(HI^, g ^"-Sail [Cl-E Hl-l^^t^ ^9.^ ^'■^I?! (46)71- UEFUSiEK ±9^ ^'^:7|(4B)^ ^IS 

g:?l(54) Uh^^SJ °xll2H'^^£! SE^:?I(55). g:?l(56)7f 2^ ^^EH^ SAIEI^ ^3- 

M-^ E^ MOD XilXilSlh g-^ £l§thS ^ai g:?|(54)LH^ SSAI?!^ "JM(58). ^ g:?l(54) 

M mtm y\xm miLW9\~ ^^^(60)2^ ^^(62)m 5ti*^EK ^^m as. ^-nm ± 

S^(64)^ ^H(58)P ^5F01 ^^EKEAIEIAI SrM)(Hl ^g^i- um ^^t>" ^^^JJTO 

§71(54)^ 5:1012. ^gal- ^^^71(56)^ 3-§t!-3 ^1 rt£^2| □|^M(66)m ^^^A|?|E^ 

^tl-ElDI. ^^Et SSr:?IXlI^ ^^'^(80). ^qi(62)# 7\n DI^M(65)M W3^o^01 E^ ^Shtl 

^^^^^ :'IX1I^ ^KHlAi ^2JtM:H^ ^^(62)CHIAi C^71^^ 5iix-il(40)^ Oigt^EK Ml 
0I-250ILI- ^^Sh :?|X1I01A1E^ ^i^ti- ^^^.^CHIAI^ ^^e^Si^ ym5. ^tJ-^CK ^H(58)^ 

g7l(54)LH2J ^Itr 4^^^^ °-t|x-ll :ii2:i:(64)M ^Xm^l ^lU IfiAl ^^^1 ^ 

01 EK 

?;i!4E(HI LfE^y ^9=!i ^^^:'l(45)^ ^StJ" 2iO| g^"" ^ti1(2)LH^ 221-5^3 

XilBaECHI^ ;^-114ECHl UEfy ^'^:?I(48)2J ^EH3 ±9.± m^y\(AS')y\- UEhUSi^EiL 01 

CH! mE[ ^mm ^-^ix-i! ^S:::i(64)2f ^mtm St^^ck ch^. 3^§ti-3 ^-^ix-ii 

:;b^>:(54)^ gll g:7|(54*)LH(HI it^EIJl ^gEF S^I-:7I(95)^ 7Ha^ M:?I(68)2| H!-^'- ^(HI HgEIDl. 
MOlU :'IEF ^x-il2^ nHxl|(70)^ 213^ :'H^^ ^7\{hSm HHxI^EF. aElH. ^11 

S:'l(54*)^ 0Hx-|i(VO)°] ^^^3tHIA1 ^§t]- TiEIM HHIEIOI SE^:^I(56)(HI °]tH 

DHX-1I2J n\±m 71^(72)01 ^Bll g:?|2] HfE>w]i^ ^mtm £IEK 3(H1 2J^f-01 ^11 g:?l(54') LHQil 

3-sm3 eH^^|(64)2j d!:±m (66)71- ^^eih oi^^ ?;i!4E2i- ^^L^^^o^ °rcH!Ai ^2jt^ HhEi- g^tJ- a^^^ 

^ EI-7 1 £h 2 11X^1(40) CHI ^Ei^^EK MS^iH] UEhy 4:^^^^^ 71 (46' )^ X1I4ECHI LhEf-3 
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e^§s^^ a^i^cHi 2sei7;i s^q^ sia^ra ^h^a, -oor^mi 

XIIBbEOJI^ Dl^iE g-AH g^Ei c£q= gEH2J 01:^^ ^^ah UEm HIEbE 

%'^7\{i[BM gaSQ^ g £l(HI^ «I4£^ SEH£h 71^ ^A^oH:^. 
fl|4E, 5aE S BbEOil UEI-y i2± ^^4S:?l(46)(46')(45)7f a HUf^ite ^EHOPI^ SKI 

°K y\E[°i ±2.±: m&7\5. B im Amo\ y[^mQ. oiiigs, °imt\^ ^-nm ^2.^= mm 

m^-\ M0\^' ^ Sia ; a= 11 LHWIA1 ei-gSfS °!|35|| ^^^bSJ OI^^MM I-^SAI^I^HI ixM 
e Am%' ^ 5Jgt.^ M 4E0)1 UEhy SS^(50), a^(52)2F SAh*^ SS^, g^l 

Alt! ^ti SSbH(42) LHS Dlr^rMl WshOl gEllO) <i SiQ. 

VMno, °j e-1 tj-soiie Li-Moii uEHHSia. 1 nmsi o\±^^^Mm oimm VIOCHCCK);], 1 8 mi SJ 

2-mmAm^miy oiiiS^Aish oimm^ s-ehs eixi Sr^s^^u s>^# zm 2s&g( 

I 10a^|"?mrg^lEH¥IS^i S5^' 2-[HI^A|(HI&HgWI g§HE|X| &^2i£Lh SA^g CH 

3 * DIMS gstll ^SOIIAI *»))| ^i»tm ^%^^2^ g°!jO| SOISQ, §2|-S SOIS VMnOe 

^El= ?1I0|IH ^HHIAI aWAIS [IN SSshXj SfS^Q. MSHM ^ItH H=0 M 7f$H^U e,^- 
SlS 7H<5AI?IA|^ 'Si^Q. miU. OI:tiS^Al5|- EIE^H(a SSfll) 2,t 25g^gl OjEg^Kish 

X-il2j gDHS 2-[HI^A!CHli^Ml Ahg^l-Qt Oi^^^^Altl- ElEte. n-^^^A|^f T^I^Sh ^' O^A-iiBAh 

^5isSj oj-g^f-^i ^mi-H. Pfi BTIKHIAI 01 0|-A^|M>l^ kT geij oi 

g^'-AI^ ^^^^Dil Hm^tl SSiMU t^])!! ^tJtJ'a-. P^ Bm\M P^ ^ sig 0|]lf-A|?1 

P7 oil uE^y hihSF aoH^ ^^Ai^iQ. Ei-e^ 5 1 s - p,e?tiM cm ^^km ^^ti ^oiek 
1] 

m-m PZT M^-t? 

no Pb : Pb(Ac)^ • 3H,0 94.7 = Pb 0.25 M 

120 Zr : n-^^^AItf- Zr 46.8 HI" (30 glTX E^^M) - Zr O.IOM 

130 Ti : 0|:iZS^A|sF Ti 42,6 313 = Ti 0.15 m 

140 10 : 1 MHI (2-Dil^AIOilBhi : ^^oj ^y,) 

200 21^^11 

210 Pb(Ac). .SH.^ 94.73 3^^m 2-[}ll^A|Di!E^e 197 mlOlj g:?Ft.CK 
220 01 ^^H^ n4*c s^Ji-xi g^Al^iEK 
230 mm ^P^HI °r : 107 ml 
300 Al^^^ ^i^xM 

310 ^^BM LHHi n-^^^Ait^ Zr 46.8 H^^m 2~mmAm^^m 79 rnl CHI m^^^Q. 
320 01 113*C ^ElhAI g^Al^iQK 

330 S|g °f : 79 ml 

400 ElEte S^X-II 

410 Ol^i^^g^AltF Ti 42.62 Zil^M 2-[}ll^Al(H!L^l 118 ml Dlf g:7Ft]'CF. 
420 01 g^-ijM 114*0 SEDi-xi e^AI^EK 
430 mm B^^-^^ 2^ : 76 ml 
500 2!^jejl 

510 Ti Zr ^^ji-ilCHl 7^ ^ Iil^^t]■CK 

520 TiZr g^Jj^ Pb g^-^l&ii I'h^^ ^ 1/2 MZ^ IIlu^^^EK 

530 PZT °f : 250 ml 
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540 PZT 2^1 ^^^1- 3:712] A|£!7:! (syr irge) O|]Ih:?|0tl Ai Oll^Al^iQ. 
550 - 1.0 M (PZT M4^/g^ 1) 

Pa BmiM Pr ^ OWIMA^ H.^ :?iEF ^Iti- :?^^^t«t!CK UBiLK P,[HiAi P,^ 

g^dQil UEfci- U^Sh ^01 01 ^5. SiLK P, CHIA-1 P^ g^"-^ 

oiEitt p. E^?ii^ m-m iw B^^'^t.^ m-n^ mt.'m. yms^ ^ 

H ^7W^\0\ 4^^g SaiMAI M-a2J ^Sti- a^^*- ^OID. dWOI ^^l-E, S7| 

^^^^1- %'o\ 3i£ioiAi 7i5r(5)4^(Hi ^"-^ H^iBj ^xmm ^Bi ^^l^^01. dh^ a^^Bi/E 

sTEiE^ ^^^h 5;ioiQ. y\E[ ei-g^i-s eHx^| LH tmm^ 

ti ^^m ^gm^ s^gtHiAi^ ^u\{2)imM ^ai£i^ as ^ ohua ^ti e^§^!-£l eijx-ii 

:i£^^MA1 AI-SEl^ m-^m gDHS ^IBji&f^ 5101 ^'SmCK Oj]gl3. S:^A| PZT M- 

^OilAi AFgoh^ 2-flil^A!Q]IL^M2h ^01 HIH^ ^^gOI eOH^. Dil^»#2^ ^01 Hllil^ ^^§01 
fe^S gDHMQ }=E\Q ; &3 DM "-^Ix-jl ±2.^^L[ ^^71 HHEQ. 

S^Ai ^Sjsi um S-A'^S M-^^^E1£J PZT S 570-575 Torr^ 2^QllAi ^^^^F^ 

210ILK HWOl ^^HAi, ^'Sl^ej t-^^ :?IEK5)i^^tHI m^ti m^ti ^ 

oiiLi-e^ ^ ^"-soii u}E PZT ^ #-^011 CH^^ ui-iT^t]' u^^TdiofLK y\E[s^ m^M (2~mmkm^mm 
5tm^oi)E pzTBj m-mm ^^ai^i^dii ai-^^*- ^ s^hdi. n ^i^Ej mmnsi ^ ^^schi ek^ a^ 

^^AlEiQ. ^^'■D 1^^^°] 4^E!-(EA1£|A| ^^M)CHI S^M SUEI^iLh. 

3i P^^ QllAi^, 1-1^^E1 gDHM SilTI^I-:?! ^\t[D\ E^ 71Eh e^g^i-^ ""-^M ^9.^S\ 

^^:^1SIEK Pt, BTllQltAi^, ^^^^OL ^fiu^EFS. OiyiJ 1 5:!0|C|-. 3^^711 Pn QilAi. 

xm L[^^ mt.' %m zi^ai^i ^'-^'■m, 1^^-71 ^'-^'-01 bi^i,^^t]- ^•■^^^ 2!chl ot 

Pie ewi A1 , mt.'m^ ^•■^^#01 7ie^ 3 ^loii e^'-Ai^i^ <;^^^ n oi^^ 

^§01 OI^Oj^Eh ^^01!Ai M 1-5E£|- ^^^o|-01 ^^ElSiS B ^"S^ 1 ^A| ^EH^J S^t:!^, i 

^^g(HiAi ^ml ef^^ ^^t^^ ^ m^^^ cvd thti 

MOD, m 7|^m01 ElF^^S Itmh^^KHI 5IS0I SHIh. ^71-^! SIS^^^ g^'-Al^i ^^°[2J th^t-^^E 
^ A|^5io^ dg^FTil 4^ Si^ ^-qjtll ^5^^2] ^Ah r| ^[^ej gOK^, (g^*- S 

SOI SguhEHlAi ^it»£17l im^CHl) ^^"-AiE) ^"^^ i£S£l^^¥Ei ^El^hOI SX|Ai?i^ 7IE.f-^ 5 

^^^m mm%' dh^ ^^ti- eoi ^ti-^EK 

^/M^I7l ^EQtlAI 01^01X1^ ^01 Uhe^^l-EK 

^EJ£I7| soil Oi ^7^m ElE^ ^gKS ia^i-A!?l^ 510IEF. mm SiOlAi 

my\y\^ epie^ ^nx-ii ^ve^ mmiw^ m y[mM9\~ ^ioiek 

B ^^^2) EEh^ ^DH m^t- 7iaM iEt^^i-EK S^CH! tht|-M BX! 3^U2j ^g^^ gDH 

CH!°^ goH^ ?:!0iD. ^AF^f-TiL thtj-M >c[- mm^ ^ um mm mm 

DIEK B ^^SQil S^OiAi. gDH iH^i- 71^^ 1-1 E^ X V ^MM 
y\ mm g# gOHOilAi 4^tSSEK 

Al^l^LilOl! 01 ^EK 

□I^^H^ B ^"S^ bl|■e^^^ ^Al ^EH^ Z^^^\^ ^M0| Ai^EI^AlE^, H ^'"^^ 7IB^°i 5! 

CHLfXl Sr^^ 7IB^ ^§*l-^EHS ^Al^ °IEK CaEhAi. B ^AI^EH^ S^OiAi OIIAI^ 

UEHjli^Dl UEI-LHAI STS^D. B ^-^Sli Q^OII g^o^^ U 

Eti-EK 
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M ±ttit[t SXI- Phll-OI^(device) LH^J 37;^ ^^glHI S^OlAl, □|::^e(66)M °SA|=?|^ 



1 1 t^tH! SiCHAi ^^M(BA)^ 1-^ MOE^ ^^HM 3 Ah P 

biroir^:: LHSj 3 Ah ^^S. 

^^t^ 3 

M 1 *^[H! S^OiAi. □!ii:M(56)M l§tij(6)LH^ ^^'Al?l^ BTIt^ Iibf1(2) LH^M 35 ^"-EHS 
^A|A|^I3A1 ^H^^ 3AI- C|ld|-0|^ LH2J 2 Ah ¥S 315 S-g. 

^^tt 4 

Ah Phll-Oi^ LH^ 21 Ah g-g. 

CHIA1 :?i£i'(5)# m^M9\^ ^ym Bnm ^t^^m ^se:^ ^lAh pbhoiii: lhhj ^ixh 



31 1 SiCHAi. ^^71 ^f-SOl 5(6)3h 715(5) AhOlM DC HhOlffl^M ^t^m 
^SH^ ^h^ SAh PbK3l^ LHBj S7;h 315 . 

^aAI?i7iLh 7hS. Oiyg ^h^ yj-S 7h^a thU Ol^^^ BTIIM St^H-M ^S^^ eh^ 2Ah PHhOI^ 
LH5j 3Ah¥e 315 a^g. 



mu\(2) ; 715 ^gShOI 7IEK5)1 AIAmh71 ^l^hOl m^2\ LH^tHI 7IEH AIAI 

7(4) J 27j-li(64)°] □|^M(66)g ^>i^^h7| ^\tl ^B(46)(46* )(46)M Stf^h^ SAh PUhOl^ 31 
5g Sxl&il SiOIAi. 01 I^t:!^ 7IEK5)i^'-0]| 2j:?l(64)^ ^^A|?|7| ^l^hOj 715 IBCHl S 
tlt^ fe^f^^ 7i5 AiAI7(4)M 7h^lBi ISHi(2)M ^i^ilAi □|:r^M(66)M ^SAj7|^ ^EK8). 
(10)e 5tmh£L 01 ^^4^E^(8), (10)^ 715 A|AI7(4)^ M^iOll ESohOI ^Sth 

^g HHxi^ Ch^^ ^S7(29)M 5t,^h^ hiM 51ix-|I(8); ^ ^^71 715 AIAI7(4)£J ^SQil CHt.^ 
EELh^ ^92j H^^^ Mai CHI eS^hOI ^gtJ" HHxI^i Q^^^ eH7|qi(31)e ^mh^ UH 

71 5ilxll(10)g ^h^ SAh PbihO|5 Xil5g &X|, 



3^ 



3I8*^CH! °lCHAi. ^S7(29)£h tJH7R(31)M It.!" 0|^M(66)S] 5^5h^ 5§ ^5(30)# ^ti 

m^^^ 2! Ah PldhOI5 3!5g ^^7:1. 

31 9 %m ^CHAi. 7l5'(5)^ £J^0!I1. hiM 51!l-ll(8)^ 7l5(5)e:j ^ 
Soh^ 5(28)M it.^fQj. HH7I 5iiiJ|(10)^ 4^-71 7i5(5)EJ ^S^Qil CH^»^Ei ECh^ ^?I(HI S 

^^oh^ 5(33)# ^ma. 5^ 4=5^ ^Ej7(29)£h HH7R(3t) LH^CHI LhAh(32)M 
t^g ^h^ SAh PtihOIr;:: 315^ ^'x\. 

11 

31 8 SiCHAi. Dli^^Ml SejA|7|^ <^5^ 715 A|AR(4) 4^5QilAi ^gt.^ Zi-^M Stl!^h?]| 
HHxI^l 5(6)M itmhffl. 715 A|AR(4). 5(6), h:M5ijl(8). ^ HH7I 5^1-11(10)^ 
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